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[57] ABSTRACT

. A hght shielding plate rotated by the shaft of an object
to be measured is provided with a slit. The distance
between the slit and the axis of the shaft varies continu-
ously. A light source and a linear light receiving ele-
ment are disposed on opposite sides of the light shleld-
ing plate.

6 Claims, 11 Drawing Figures
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1
ANGLE SENSOR

BACKGROUND OF THE INVENTION

This invention relates to an angle sensor utilizing
light. | |
According to a conventional method of detectlng an
rotation angle, a shaft of a potentiometer is rotated in
accordance with a rotation angle of an object to be
measured for detecting the rotating angle based on the
variation of the resistance value of the potentiometer
caused by the rotation. According to this method, how-
ever, due to the sliding friction of the potentiometer
where the torque applied to the potentiometer is small,
a large error occurs. For example, in a method of de-
tecting the inclination angle by measuring the rotaton
angle of a pendulum, for the purpose of decreasing the
error, it is necessary to make sufficiently large the rota-
tional moment of the pendulum so that it 1s difficult to
construct such device to have a small size and to obtain
a desired response characteristic. Another defect of the
method of utilizing the potentiometer lies in a short life
caused by friction.

To eliminate these defects it 1s necessary to measure
the rotating angle of an object without touching the
-~ same so that methods of utilizing magnetlc field or llght
have been proposed.

The apparatus utilizing magnetic field 1s constituted

by a sensor which senses magnetism such as a magnetic

resistance element or a Hall element, but where such
~ apparatus 1s used in an enviromnment in which external
magentic field exists the measured value is influenced
by the external magentic field thereby causing error.
‘For this reason, in a certain case it is necessary to pro-
vide a magentic. shield.

>

10

15

20

25

30

2

angle was only 5°-6°. The shape of the output charac-
teristic curve shown in FIG. 2 is inherent to the princi-
ple of the angle sensor shown in FIG. 1 so that this
shape can not be changed as desired. For this reason, it
has long been desired to provide an angle sensor utiliz-
ing light capable of obviating the defects of the prior
art.

SUMMARY OF THE INVENTION

It is a principal object of this invention to provide an
improved angle sensor utilizing light having a simple
construction and can be manufactured at a low cost, yet
capable of obtaining any desirable output characteristic
over a wide range of measuring angles.

According to this invention there is provided an
angle sensor comprising a shaft rotated by an object to
be measured, a light shielding member rotated by the
shaft and formed with a slit, the distance between the
slit and the axis of the shaft varying continuously in the
peripheral direction of the light shielding member, and
linear light receiving means disposed to receive light
from a light source passing through the slit.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings

F1G. 11s a perspective view showing a prior art angle |
Sensor lltl]lZlng light;

FIG. 2 is a graph showing the relation between the
angle and the output signal characteristic;

- FIG. 3 1s a perspective view showing one embodi-

ment of a angle sensor embodying the invention;

FIGS. 4, 6 and 8 are plan views showing three exam-

- ples of the light shielding plate of the embodiment
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On the other hand, where light is used, it is only

necessary to shield light for obviating the influence
caused by external light, and this measure is much feasi-

ble than the magnetic shield. For this reason, it is more .

advantageous to use light than magnetic field to avoide
- the effect cause by external disturbance.

F1G. 1 shows a basic construction of a prior art angle
sensor utihzing light. As shown, a luminous diode 1
acting as a luminous element and a phototransistor 2
acting as a light receiving element are disposed coaxi-
ally with a suitable gap therebetween. The luminous
diode 1 and the phototransistor 2 are disposed in a cas-
ing, not shown. This apparatus is constructed such that
when a semicircular or sector shaped light shielding
plate 4 supported by a shaft 3 is rotated its straight side
4A Intersects the optical axis. With this construction, as
- the rotation angle of the shaft 3 varies, the light quantity
reaching the phototransistor 2 varies so that a signal
correSpondmg to the rotation angle can be produced as
shown in FIG. 2. Generally, however, the light receiv-
ing surface of th phototransistor is small, with the result
that as the rotation angle varies only a little, the state
- changes from a range A in which the incident light is
perfectly intercepted to a range B in which the incident
light is not intercepted as shown in FIG. 2, thus saturat-

~ ing the output. Accordingly, a linear output characteris-

tic can be obtained only in a very narrow region C.
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shown in FIQG. 3; and | |
FIGS. 5, 7 and 9 are graphs respectively showing the -

relationships between the angles and the output signal

characteristics when the light shiedling plates shown in
FIGS. 4, 6 and 8 are used.

FIG. 10 is a perspective view of another embodiment
of the present invention.

FIG. 11 is a perspective view of still another embodi-
ment of the present invention.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

In a preferred embodiment of this invention shown in

FIG. 3, parts corresponding to those shown in FIG. 1

are designated by the same reference characters. In Fig.
3, 7 represents a light point position detecting element
having a linear light receiving element. As the light
point position detecting element 7 can be used any one
of varior prior art elements. For example, in this em-
bodiment, the linear light receiving element 7¢ in made
of CdS which is a photoconductor. The light point
position detecting element 7 1s constituted by a linear
light receiving element 7¢ made of CdS and sandwiched
between a metal film resistor and a metal electrode
which have substantially the same length. When light is
projected upon one point of the light receiving element

~ 7Ta while applying voltage across lead wires attached to

- Where a phototransistor having a large light receiving

area 1s used, the linear region (C in FIG. 2) can be in-
creased to a certain extent, but such phototransistor is a
special one so that its cost of manufacturing is high and
not economy. Since it is impossible to make infinitely
large the light receiving area the maximum detection

65

both ends of the metal film resistor in the longitudinal

direction thereof, current flows through the lighted

point so as to function like a sliding contact of a conven-
tional potentiometer, thereby producing an output volt-
age from the electrode representing the position of the
lighted point.
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In FIG. 3, the light point detection element 7 is se-
cured such that its light receiving element 7a will lie on
a line perpendicular to the axis of the shaft 3. On the
opposite side of the light receiving element 7a are dis-
posed luminous diodes 1. A light shielding plate 8 sup-
ported by the shaft 3 is positioned in a gap between the
luminous diodes 1 and the light point position detecting

element 7. The light shielding plate 8 1s formed with a
spiral slit 9. The luminous diodes 1 are arranged with

respect to the light shieldig plate 8 so as to give a suffi-
ciently large brightness along the radius thereof.

FIG. 4 1s a front view of the light shielding plate 8
showing the construction thereof. The distance be-
tween the slit 9 and the axis of shaft 3 is determined by
the following equation with reference to the peripheral
angle ¢ of the light shielding plate 8

r=ro—ko ()
when r, and k are constants of which r, represents the
distance between the center of the light point position
detecting element 7 and the axis of shaft 3.

In operation, since the light emitted by the luminous
diodes 1 passes through the slit 9 to 1lluminate the light
receiving element 7a of the light point position detec-
tion element 7 so that when the light shielding plate 8 is
rotated, the illuminated position on the light receiving
element 7a varies. At this time, since the luminous di-
odes 1 irradiate a radious of the light shielding plate
with a sufficient brightness, the light receiving element
7a of the light point position detecting element 7 is
illuminated with a sufficiently large brightness regard-
less of the position of the lighted point. Furthermore, as
the lighted position of the light receiving element 7a
corresponding to the rotation angle is defined by equa-
tion (1), the angle sensor of this invention can produce
a signal proportional to the rotation angle over angles of
approximately 360° as shown in FIG. 5.

FIG. 6 1s a plan view showing a modified light shield-
ing plate 8a in which near 0° rotation angle, variation in
the slit position with reference to the peripheral angle
variation is made to be large to effect a high resolution
detection but in another portions the slit position varia-
tion with respect to the peripheral angle variation is
made small for effecting a relatively low resolution
detection. In this modification, the slit 9a is formed such
that the distance thereof from the axis of the shaft 3
satisfies the following equation (2). Then the relation
between the rotation angle @ and the output signal Vo
can be expressed by the following equation (3)

r=f{d) e (2)

Vo=af{—0)+ 13
where a and S represent constants. With this slit con-
struction, an output characteristic as shown in FIG. 7
can be obtained.

FIG. 8 shows another modificiation of the light
shielding plate 85 which can be used where the range of
the rotation angle to be detected may be relatively nar-
row. In this modification, the light shielding plate 85

. (3)
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takes the form of a sector having angles of 90°. Assum-

ing a detection range of 60°, for example, the light
shielding plate can move in a range shown by dot and
dash lines so that the size of the angle sensor can be
made to be less than 2 of the first and second embodi-
ments. When the slit 96 is formed at a position satisfying

equation (2), a linear output characterisitc as shown in
FIG. 9 can be obtained.
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In FIG. 10, there 1s shown an embodiment of the
present inventition wherein the shaft 3 1s supported by a
low friction bearing (not shown) and a weight 10 is
provided for light shielding plate 86 to provide a bias
force to the plate 86 in a definite direction.

In FIG. 11 there is shown another embodiment of the
present invention wherein a pendulum 1is provided for
the shaft 3 so as to apply a bias force to the plate 856 in
a definite direction. Both embodiments of the present
invention shown in 10 and 11 can be used as an inclina-
tion angle sensor.

It should be understood that the configuration of the
light shielding plate is not limited to a circle or sector
and that any peripheral configuration can be used. It is
only necessary to use a light shielding plate having a slit
whose distance from the axis of a rotary axis varies
continuously, where the position of the slit is adequately
selected, the relation between the rotation angle and the
output signal can be made to have any disired character-
1stic and moreover, the measuring range of the rotation
angle can be made wide or narrow. For a small range of
detection, a small light shielding plate is sufficient, thus
minimizing the size of the angle sensor.

According to this invention, since a light point posi-
tion detection element having a linear light receiving
clement 1s used the angle sensor can be manufactured
readily with low cost.

What 1s claimed is:

1. An angle sensor comprising:

a horizontal shaft rotated by an object at a rotation

angle which is to be measured;

a disc shaped light shielding member penetrated by
said shaft at a center thereof, rotated about said
shaft and formed with a spiral slit, a distance be-
tween satd slit and an axis of said shaft increasing
uniformly from a first slit end to a second slit end,
said first and second slit ends being first and second
distances from said shaft, respectively, said second
distance being greater than said first distance;

a light source for illuminating one side of said light
shielding member;

a single linear light receiving means which is capable
of determining a longitudinal position thereof on
which a light beam from said light source strikes,
said linear light receiving means being disposed on
the opposite side of said light source with respect
to said light shielding member in such manner that
a longitudinal axis line of said light receiving means
coincides with a line which is orthogonal to and
includes the axis of said shaft and is paraliel to the
surface of said light shielding member, said linear
light receiving means having a predetermined
length so that when said light shielding member is
rotated by said object, light passing through said
first and second slit ends each are received, respec-
tively, by opposite end portions of said light receiv-
ing means; and

a weight coupled to said light shielding member.

2. The angle sensor according to claim 1 wherein the
rate of variation of the distance between said slit and the
axis of said shaft changes along said slit.

3. The angle sensor according to claim 1, wherein
said spiral slit surrounds said shaft at least 360 degrees.

4. An angle sensor comprising:

a horizontal shaft rotated by an object at a rotation
angle which is to be measured:;

a disc shaped light shielding member penetrated by
said shaft at a center thereof, rotated about said
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shaft and formed with a spiral slit, a distance be-
tween said slit and an axis of said shaft increasing

6

includes the axis of said shaft and is parallel to the
surface of said light shielding member, said linear

uniformly from a first slit end to a second slit end,
~said first and second slit ends having first and sec-
ond distances from said shaft, respectively, said 5
- second distance being greater than said first dis-
tance; | | |
“a light source for illuminating one side of said light
shielding member; |
a single linear light receiving means which is capable 10
of determining a longitudinal position thereof on
which a light beam from said light source strikes,
said linear light receiving means being disposed on
‘the opposite side of said light source with respect
to said light shielding member in such manner that 15 6. The angle sensor according to claim 4, wherein
a longitudinal axis line of said light receiving means  said spiral slit surrounds said shaft at least 360 degrees.
~ coincides with a line which is orthogonal to and | ¥ ox * % %

light receiving means having a length such that,

when said light shielding member is rotated by said

object, light passing through said first and second

slit ends are received, respectively, by opposite end
portions of satd light receiving means; and

a pendulum coupled to said shaft so as to maintain

sald light shielding member in a definite direction

in relation to the gravity direction. -

5. The angle sensor according to claim 4 wherein the

rate of variation of the distance between said slit and the

axis of said shaft change along said slit.
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